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Introduction 

Carnegie  Laire  is  a  shallow  cliaiinel-t^rpe  lake  created  in  1907 
on  the  Millstone  Hiver,  2  miles  northeast  of  Princeton,  N.  J.  It 
is  im-Qomided  "by  a  concrete  overflow  dajn,  650  fe.-t  long  ^Jid  18  feet 
high  ahove  stresjnbed.    Backwater  extends  up  Stony  Brook,  a  princi- 
pal trroutary,  thus  foming  a  Y- shaped-  lake  approximat olj?-  3-l/2 
miles  Imig,     There  is  no  over"bank  stora^ge. 

The  Isie  was  constructed  for  recroationa.l  purposes  ajid  is  used 
"b?;*  Princeton  Univorsitv  for  rowing  ax.d  other  aq.Li-atic  sports.  The 
University  "boathouse  is  located  on  the  left  banit  of  the  Stony  Brook 
arm  of  the  lake  ah  out  1/2  mile  holov/  the  head  of  "backwater.  A 
cajioe  house  has  "ooen  construct od  a.hout  a  mile  "b^low  tho  boathouse. 

Tvro  hi-idges  span  the  Stony  Brook  arm  of  the  lake,  the  ''feshington 
Street  hridge  500  feet  helo'/  the  University  "boathouse,  and  the 
Harrison  Street  hridge  approximatcl2:^  3,800  feet  oelov-r  the  boathouse. 
The  Delaware  ajid  Haritan  Oan.al,  vdiich  runs  along  tho  right  oaiiic  of 
the  lower  section  of  the  lake,  cross.:s  Ca.mogie  Laire  "by  means  of  a 
low  aqueduct  just  above  the  Stony  Brook  arm.     This  aqueduct,  together 
v/ith  the  shallow  and  voedy  nature  of  the  section  of  tho  l:^ke  on  the 
ma-in  stem  ahovc  th,.-  aqueduct,   Cc^uses  most  of  the  aquatic  activity 
to  "be  concentrated  in  the  Stony  Brook  arm  of  tho  lake  rather  tlia.n 
the  ma.in  stem  a.oovo  the  jonction  of  tho  two  arms. 

S  edimen t at i  on  I nv es t iga t i  ons 

An  investigation  of  sedimentation  conditions  in  Carnegie  Lake 
mado  "by  tho  writer  on  July  18,  1939,  shov;od  that  tho  lake  has  passed 
through  a  varied  aJid  unique  scdimcnta.tion  history.     Silting  in  tho 
Stony  Brook  arm  of  the  lake  v;as  noticed  immediately  after  the  lake 
was  impounded.     It  vj^s  not  until  1922,  hovjover,  tha^t  officials  "be— 
came  concerned  -"bout  the  situation  when  motorooats,  used  oy  coaches 
for  training  rov/ing  crevs,  scraped  oottom  on  their  wp,y  to  ano.  from 
the  boa-thouse.    A  survey  to  determine  to.?  vrator  depth    "between  the 
hea.d  of  "bac'Kwa^ter  and  the  Ha.rrison  Street  oridge,  an  area  of  52,32 
acres,  vras  made  oy  the  University  diiring  July  1932.    A  map  on  the 
scale  of  1  inch  eq\ial3  100  feot  was  prepared  of  thr  area,  aaio.  over 
500  soundings  were  made  along  43  sepa.rate  ranges.    On  the  "basis  of 
those  sotnidings  the  writer  has  calculated  that  approximately-  62 
acre-feet  of  sediment  had  "been  deposited  in  this  a.rea  up  to  1922, 
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This  would  'oe  equp.l  to  at  lecst  25  porci3nt  of  the  original  capacity 
of  tliis  portion  of  tlio  lpke« 

After  tlie  1922  survey-  v/c-.g  mado,  it  was  decided  that  "by  raising 
the  Wator  l3vel  of  th,:  rosorvoir  sevcra.1  inches  enough  clearance 
could  08  developed  to  -Ovemit  the  ooats  to  i/iove  readily  for  some 
time  at  least.     Consequently,  a  4-inch  "board  vras  placed  on  the 
spillway  a-nd  the  Wpter  surface  of  the  reservoir  raised  a  correspond- 
ing ejnount.     This  ,  temporary  expedient  served  u:atil  1927  v:hen 
Mr.  A.  3.  MacMillan',  Superintendent  of  3uildings  and  G-ro-ueids  at 
Princeton  University,  constructed  an  improvised  dredge  and  attempted 
to  open  a  chajinol  from  the.  ':o  at  house  to  deeper  water.    It  is  his 
estimate  that  "between  4,000  .?nd  5,000  cuhic  yards  (approximately 
3  acre-feet)  of  sediment  was  removed  from  the  lake  at  this  time. 

By  1937,  conditions  ha,d  "b.-^-comc-  considoraniy  worse.  The 
University  found  it  necessary  to  purchase  a  dredge  and  clocjn  out 
the  entire  area  from  Harrison  Street  orid^e  to  the  head  of  lDackv;n.ter, 
Tliis  operation  was  st.^rted  early  in  1937  '^jid  continued  intermit- 
tently until  1938.    A  crew  of  6  men  w-.s  employed  to  do  the  work  on 
OIL  8-hour  shift.    By  July  1937,  50,000  cuhic  yards  (Sl  acre-feet) 
of  sediment  had  "been"- pumped  from  the  li^ke  and  deposited  in  a 
depression  oetween  the '  right  opjair  of  th :  lake  and  the  Delaware  and 
HaritoJi  Cajial.     In  1938,  Detvr>en  100,000;  ?iid,  110,000  cuoic  yards 
(55  acro-fect)  of  sediment  was  removed,    A  small  ajncejit  of  dredging 
w-,s  done  in  1939,  "but  figures  relative  to  the  ?jnount  of  materiel 
removed  a^re  not  o"btaina"blo.     Thus,  approximately  100  acre-feet  of 
sediment  was  removed  from  "bank  to  opeik  in  the  area  oetT^re en  Harrison 
Street  "bridge  ajid  the  head  of  'oaciav^at  -r  "betv/ejn  1937  ejid  1939.    The  net  ■• 
operating  cost  of  this  work  is  reported  to  have  "been  over  $17,000  or 
about  11  cents  per  cu"bic  yard  removed. 

The  100  acre-feet  of  mat/rial  dreci^-ed  from  trie  lelzo  supposedly?- 
included  6  to  8  inches  of  the  original  "bottom  to  provide  for  additions.! 
Sediment  stora.ge.    At  the  he.-^.d  of  the  la:^e,  Just  "below  the  Pennsylvenia 
Railroad  oridge,  a  sediment  poc"H:et  w^s  excavated  to  a  depth  of  8  feet 
where  formerly  t"a.e  original  depth  w-s  only  aoout  2  feet.     Tliis  sediment 
pocket  vjas  to  provide  additional  sediment  storage  to  prevent  the 
initial  deposits  after  dredging  from  encroaching  upon  the  vicinity?- 
of  the  "boathouso  located  l/2  mile  "Delo'-r.    At  the  time  the  l?ke  v/as 
dredged  it  v/as  presumed  that  the  sediment  pocket  ?nd  the  extra  capacity?' 
created  "by  the  removal  of  6  or  8  inc"nes  from  the  "bottom  of  the  lalie 
vfould  provide  sufficient  sediment  storage  sp-^ce  to  eliminate  the 
silting  pro'blem  for  30  years. 

A  sedimentation  investigation  wa.s  made  hy  the  v;riter  on  July  18, 
1939,  primarily  to  determine  the  extent  of  silting-  since  1938  in  the 
dredged  s,rea,-of  Stony  Brook  arm  rjid  to  determine  the  source  of  tais 
erosional  dc"bris,    A  series  of  8  rcjiges  v:as  laid  owt  across  th:-  lj?ko 
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and  36  observations  of  sediment  thickness  were  made  with  a  spud  along 
these  ranges.     The  data  were  plotted  on  cross-section  paper,  and  the 
volumes  of  sediment  and  volumes  of  Water  in  different  channel  segments 
after  dredging  were  determined  by  the  following  :mean  depth  formula: 

V  -  A   /e1_  -I-  EI  -EZ+EZ 
3   (  vvl      m   X  1^2  W2 

''■fhere  V  is  the  volume  in  acre-feet,  A  the  surface  area  between  ranges 
in  square  feet,  E  the  cross-sectional  area  in  square  feet,  and  "'^I  the 
length  of  the  bounding  range  in  feet  at  crest  elevation. 

Since  the  oric:,inal  botto^.i  of  the  lake  v;as  obliterated  to  soiue 
extent  by  dredging,  the  original  volume  of  the  area  above  Harrison 
Street  bridge  could  not  be  determined  directly.     On  the  basis  of 
this  investigation,  however,  it  was  determined  that  the  volume  of 
this  part  of  the  lake  after  dredp-in>r  v?. s  252  acre-feet.     If  this 
•  amount  ircluded  nn  averare  o:^  ^  inches"  of  original  bottom  over  the 
entire  area,  then  the  ori^-inal  volame  must  have  been  about  220 
acre--'^eet  and  the  62  acre-feet  of  sediment  deposited  up  to  1922 
was  equal  to  about  28  percent  of  the  original  capacity'". 

The  amount  of  recentl\r  deposited  sediment  in  the  dredged  area  < 
was  found  to  be  61  acre-feet  in  July  1939.     In  other  words,  61 
acre-feet  or  a  quarter  of  the  capacity  established  by  dredging 
from  1937  to  early  1939  was  lost  by  July  1939.     The  silt  pocket 
established  at  the  head  of  the  lake  had  been  reduced  from  a  depth 
pf  8  feet  to  a  depti;  of  2  feet  by  a  deposit  of  sand  and  gravel  reported 
to  have  been  brought  down  by  a  single  freshet.     The  situation,  how- 
ever, is  not  as  severe  as  it  might  appear  from  these  data.  Although 
61  acre-feet  of  sediment  was  actuallv  measured  in  1939,  eaual  in 
volume  to  all  the  sedii^ient  carried  in  during  the  15-year  oeriod  1907 
to  1922,  this  sediment  was  verjr  flocculent  and  poorly  compacted. 
Observations  of  undisturbed  sediment  deposits  in  other  sections  of 
the  lake  revealed  an  unusually  well  compacted  argillaceous  sediment 
which  greatlj'"  resisted  the  -lenetration  of  the  spud.     The  sediment, 
vvhich  adhered  to  the  spud  when  it  was  brought  up  from  the  bottom, 
v.'as  noticeably  plastic  and  so  couipacted  thax;  it  could  be  rem.oved 
from  the  spud  in  some  cases  by  peeling.     This  would  indicate  that 
the  sediment  carried  into  the  dredged  portion  is  capable  of  under- 
going considerable  additional  coiiipaction  and  resultant  reduction 
in  volume.    Although  no  actual  tests  were  carried  out,   it  is  believed 
that  this  reduction  in  volume  might  amoijin.t  to  as  much  as  50  percent. 

A  n-umber  of  sT3ud  observations  were  made  below  Harrison  Street 
bridge,  but  no  reliable  estimate  can  be  made  of  the  total  amount 
of  sediment  doTDOsited  in  this  area  because  complete  nenetratio^  of 
the  hi-^hly  compacted  sediment  could  not  be  accomplished  v/ith  the  spud. 
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Penetra.tion  was  usually  liruitGcl  to  loss  thou  2-1 1 2  feot,  GV3n  though 
the  Sjmd  was  throirm  with  ;:5roat  force     The  avorago  depth  of  sediment 
at  the  dc'jn  wn's  determined  to  he  5.S  feet,  with  a  maximum  depth  of 
7,0  feet.    A  longitudinal  section  v;a5  plotted  on  cross-section  paper' 
shoivang  the  p.verage  vrat'-r  depth  for  ::\ch  rpjigc^elow  Harrison  Street 
hrid-ge  and  the  proDahle  average  bottom  elevation  determined  from 
available  da^ta.     T'his  indicated  that  approximately  40  percent  of  the 
original  storage  capacity  of  the  undrodged  portion  helow  Harrison 
Street  h^.d  "been  lost .  heca.use  of  silting  during  the  30  years  follow- 
ing closing  of  the  ci^jn. 

Sources  of  Sediment 

•I 

The  draina.ge  area  of  Carnegie  Lake  presents  a  clear  picture  of 
the  relationship  of  reservoir  silting  to  different  watershed  condi-  . 
tions.    The  tota.1  watershed  area  of  the  lake  is  160  square  miles, 
which  includes  Stony  Brook  v/ith  a  draina,ge  area,  of  50  square  miles. 
Although  the  Stony  Brook  watershed  yrea  is  less  thaji  half  as  large 
as  that  of  the  Millstone  River,  it  contribxites  pra.ctically  all  of 
the  sediment  to  Carnegie  Lake. 

Ca.megie  Lai?:e.-lies  on  the  boundary  betv/een  two  physiographic 
provinces,  the  Piedmont  Plateau  sjid  the  Atlantic  Coastal  Plain. 
The  Millstone  River  rises  in  and  flov:s  through  the  coastal  r^lain  • 
area,  which  is  characterized  in  this  region  by  level  to  gently 
rolling  topograph^?-.     The  Millstone  is  a  sluggish  river  of  low 
gradient  vdth  generally  wide  stream  bottoms.    Its  headwaters  are 
located  in  an  area  dominated  mainly  by  sandy  loam  or  fine  sandy  loam 
soils  of  the  Collington  series  derived  from  unconsolidated  sands, 
sil-cs  and  clays.     The  largest  part  of  the  dra.inage  area  a.bove 
Carnegie  Lake,  however,  is  composed  of  the  sandy  soils  of  the  Sassa^fras 
series  which  are  similar  in  texture  to  the  Collington  soils  in  this 
area. 

Becaoise  of  the  low  slopes  and  absorptive  nature  of  the  soil  in 
the  Millstone  watershed,  •ver;;^  little  sediment  finds  its  way  into  the 
Millstone  River.     The  two  largest  tributaries  of  the  Millstone  River 
above  Carnegie  Lalce,  BcaJi  Brook  aJid  Cranbury  Brook,  have  daas  constructed 
on  them  vjithin  a  half  mile  above  their  confluence  with  the  Millstone 
and  in  each  case  less  tlian  tv;o  miles  a.bove  the  hca.d  of  backwater  of 
the  lake.    A  dam  on  the  main  stem  at  Kightstown  is  about  7  miles  above 
the  head  of  bacia^rater . .  ITo  less  tlxajn  6  dams  have  been    constructed  on 
the  Millstone  River  ajid  principal  tributaries  above  Carnegie  Lake. 
These  ca.tch  most  of  the  sediment  that  is  derived  from  this  drainage 
area.    Above  the  Delaware  and  Ra^rit^n  aqueduct,  which  marks  the 
junction  of  the  Millstone  River  ajnd  the  Stony  Brook  a,rm  of  the  lake, 
there  is  a  rank  growth  of  vegetation,  and  fishing  seems  to  be  at  its 
best  here. 
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In  contrast,  tli9  Stony  3rook  tributary  rises  in  and  flows 
through  the  Piedmont  Plateau  which  is  characterized  "b:.-  a  rolling 
to  hilly  topography.    Stony  Brook  itself  is  a  winding  stream  of 
high  gradient  which  in  places  has  cut  a  narrov/,  steop-sided 
channel.    The  soils  of  the  Stony  Brook  watershed  ?re  composed 
mainly  of  silt  loams  of  the  L.?ZLSdale,  Penn  ajid  Monta.lto  series, 
derived  from  soft  red  and  gray  sandstones,  sha^les  ajid  fine-grained 
argillites  of  Triassic  age.     They  are  easily  eroded,    llo  dams  ha.ve 
been  constructed  on  Stony  Brook  or  ajiy  of  its  tributaries,  and, 
therefore,  practically  all  of  the  sediment  xirashing  into  the 
stream  in  the  watershed  finds  its  way  eventually  into  Carnegie  Lake, 
As  a  result,  heavy  silting  has  taJ^en  place  in  the  Stony  Brook  arm 
of  the  laico  and  in  the  main  part  of  the  lai^e  below  the  J-'onction  of 
Stony  Brook  and  the  Millstone  P.iver. 

Although  time  did  not  permit  a.  detailed  study  of  sediment 
sources  in  the  drainage  area,  it  is  obvious  that  ajiy  further 
provisions  for  protecting  the  reservoir,  other  thaji  dredging  or  raising 
the  cam,  both  of  which  have  their  limits,  must  include  protective 
v/orks  in  the  Stony  Brook  v/atershed. 
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